Abstract
Introduction
Gastric cancer is an important health problem and is the fourth most frequent type of cancer worldwide. 1 In Peru, it is the second most frequent cancer and the first in mortality, with an approximate survival period of 29 months, and incidence is 15.8 per 100,000 inhabitants. That is one of the highest rates in the world, comparable to incidence in China and Japan, but unlike in those countries, the large majority of patients are discovered at advanced stages of the disease. 2, 3 The treatment of gastric cancer is stage-dependent and is potentially curative in stages I to III, with the exception of stage Ia, in which endoscopic resection of the submucosa is indicated. Palliative treatment is recommended for stage IV disease and gastrectomy is the treatment of choice in the other stages. 4 Laparoscopic gastrectomy is a technique that is revolutionizing gastric cancer surgery, especially in countries with a high incidence of the pathology. 5 Numerous studies have confirmed its value at early disease stages. The Korean management guidelines include it as acceptable treatment for early gastric cancer, 6 and due to its minimally invasive nature, its use is increasing across the world. 7 There is a lack of solid evidence on the safety and long-term results of laparoscopic gastrectomy. Therefore, at present, it cannot replace open gastrectomy as the procedure of choice 8 due to the technical difficulties of resection, insufficient data on adequate oncologic procedure, 5 and recurrence patterns that are different from those seen with open gastrectomy, such as peritoneal recurrence and metastasis at port insertion sites. 9 However, thanks to improved technology, great advances have been made in laparoscopy as treatment for gastric cancer, including the complete removal of the perigastric lymph nodes. 10 Nevertheless, studies are still needed that show equal survival rates between the laparoscopic technique and the open procedure in patients with advanced cancers.
In Peru, and Latin America in general, there is not much evidence on gastric cancer and its treatment. Therefore, the aim of our study was to compare open gastrectomy with laparoscopic gastrectomy in cases of advanced cancer, with respect to postoperative complications and overall survival.
Methods
Type of study. An analytic, longitudinal, retrospective cohort study was conducted on patients that underwent surgery for gastric cancer at the Hospital Nacional PNP ''Luis N. Saenz'', within the time frame of January 2005 to December 2014, and that were followed up to February 2017, when the study ended.
Population and sample. The study included patients that were diagnosed with advanced gastric cancer through clinical, imaging, and anatomopathologic studies. Tw o hundred and thirty-six of those patients underwent open gastrectomy and 239 underwent laparoscopic gastrectomy. The inclusion criteria were patients above 14 years of age that underwent either open or laparoscopic gastrectomy, were operated on at the Hospital Nacional PNP ''Luis N. Saenz'', and whose clinical histories were complete. The exclusion criteria were patients with incomplete anatomopathologic results and patients that could not be located for postoperative evaluation.
Sample size was calculated through the survival data technique, in which data from previous studies were used, showing that the probability of 5-year survival for open gastrectomy was 8%, and was 15% for laparoscopic gastrectomy. The exposed/nonexposed risk ratio was 1, power was 80%, the alpha value was 0.05%, and the rate of patients lost to follow-up was 10%. 4 The data were obtained from the clinical histories that were selected through non-probability convenience sampling. A unique code was assigned to each collection card. The patients were followed after surgery by means of consultations and telephone calls to determine their survival status, up to February 2017.
Surgical technique. The decision to perform open gastrectomy or laparoscopic gastrectomy was individually made by each surgeon based on the location and type of the neoplasia, the surgeon's level of skill, and patient preference. Preoperative data included upper endoscopy, tomography of the brain, chest, and abdomen, biopsies, and later tumor staging.
Open gastrectomy and laparoscopic gastrectomy were performed through the conventional technique described in previous studies. 11 In the patients that presented with lesions in the antrum, subtotal gastrectomy was performed, and total gastrectomy was carried out in the patients with tumors in the gastric fundus and body. Lymph node dissection was performed according to that described for the treatment of gastric cancer, classifying lymph node groups 1, 2, 3, 4d, 4sa, 4 sb, 5, 6, and 7 as D1 and the added groups of 8a, 9, 10, 11p, 11d, 12a, 19, 20, 110, and 111 as D2. Reconstruction was carried out through Roux-en-Y anastomosis. Some laparoscopic surgeries were video-assisted when the gastrectomy and reconstruction were completed by widening the entrance port of the midline trocar (T1) by approximately 5 cm.
Statistical analysis. Descriptive and inferential (bivariate and multivariate) analyses were carried out and the overall survival analysis was performed through the Kaplan-Meier estimate (statistical significance with the log-rank test). The Cox regression model was employed for the multivariate analysis and statistical significance was set at a p < 0.05.
Ethical disclosures. The present study met the ethical recommendations of the Declaration of Helsinki of the World Medical Association and was approved by the ethics committees of the Hospital Nacional PNP ''Luis N. Saenz'' and the Universidad Peruana Cayetano Heredia.
We, the authors, declare that no experiments on humans or animals were performed in the present study. We also declare that patient data have been handled confidentially and anonymously, following the protocols of our work center and that the patients gave their informed consent.
Results
Clinical and epidemiologic characteristics (Table 1) .
Within the time frame of January 1, 2005 to December 31, 2014, 482 patients were included in the study. Seven of those patients were excluded due to the postoperative diagnosis of gastric lymphoma, leaving a final total of 475 study patients.
Tw o hundred and thirty-six open gastrectomies and 239 laparoscopic gastrectomies were performed, with a median follow-up of 53.8 months.
Of the total number of procedures performed, 394 were subtotal gastrectomies and 81 were total gastrectomies, carrying out 160 D1 lymph node dissections and 315 D2 lymph node dissections. A total of 106 patients (22.3%) presented with relapse.
Inferential analysis (Table 2 ) Statistically significant differences were found in relation to the type of gastrectomy, type of lymph node dissection, hemoglobin level, albumin level, histologic type, preoperative, postoperative, and anatomopathologic clinical stages, surgery duration, oral diet resumption, metastasis, ascites, comorbidities, postoperative complications, and relapse.
Survival analysis (Table 3) . During the follow-up period of the 475 patients, there were 170 deaths, accounting for a mortality rate of 35.8%. The follow-up period was 61.9 months in the open gastrectomy group and 46.7 months in the laparoscopic gastrectomy group.
The Kaplan-Meier curves showed a statistically significant longer survival period in the patients that underwent The multivariate Cox regression analysis produced no statistically significant difference in the type of surgery when adjustments for anatomopathologic stage, complications (fistula), lymph node dissection, age, and sex were made (Table 4) .
Discussion and conclusions
In recent years, laparoscopic surgery has developed into one of the most important and alternative procedures in many interventions in which open surgery had previously been the only indication, 5 and gastric surgeries are no exception. Since Kitano's description 12 of the use of laparoscopic surgeries in early gastric cancers, its performance has been increasing, together with improvements in laparoscopic surgical instruments and the perfecting of the surgical technique. Subtotal gastrectomy was the most frequently performed procedure in our study and its use was significantly higher in the laparoscopic surgeries. Kim et al. 13 reported similar results that were statistically significant, with 133 subtotal surgeries out of 146 laparoscopic gastrectomies. Hao et al. 14 and Hu et al. 15 also described a more frequent use of subtotal gastrectomy, albeit without statistical significance. However, in the study by Tu et al. there was a higher number of total surgeries in both groups. 16 In relation to lymph node dissection in our study, we found that D2 dissection was carried out more frequently in the laparoscopic surgery group, reaching statistical significance. Similarly, Lee et al. reported that D2 dissection was carried out in all the cases of both groups 9 and Hao et al. described the performance of D2 dissection in more than 90% of the cases in the two groups. 14 However, the differences were not statistically significant in the two studies. Those findings indicate that an important percentage of D1 lymph node dissection continues to be carried out in Peru, despite the current suggestions in the international guidelines. That situation should be changed, because radical surgery, which is sought in advanced gastric neoplasias, is not being performed. 17 The mean levels of hemoglobin and albumin were significantly higher in the laparoscopic gastrectomy group. Said difference could be explained by the fact that patients in better condition were operated on with the laparoscopic procedure, due to selection bias, given that more stable 18 reported that preoperative hemoglobin was 11.9 g/dl in the open gastrectomy group and 12.9 g/dl in the laparoscopic gastrectomy group. As in our study, Moisan et al. 11 and Shida et al. 19 found that albumin values were higher in the laparoscopic gastrectomy groups. None of the cases showed statistical significance. We found statistically significant differences between the groups in relation to anatomopathologic stages. The laparoscopic gastrectomy group presented with earlier disease stages and the open gastrectomy group with advanced-stage disease, which can be explained by the fact that the decision to perform laparoscopic surgery is based on higher patient outcome expectations and the selection of more stable patients. That was corroborated by Shida et al. 19 and Kim et al., 13 who reported that laparoscopic gastrectomy was performed on a majority of patients with stage I and stage II disease, and open gastrectomy was performed on a majority of patients with stage III tumors. Their results were statistically significant and were the same when the stages were separated into T and N extension stages.
Lu et al. 20 indicated that surgery duration above 240 min was a risk factor for morbidity in patients undergoing gastrectomy, and it is a widely studied variable. We found a significantly longer operation time in the laparoscopic group, concurring with the majority of studies that report statistically significant longer laparoscopic surgery duration. 5,7,10,11,13---15,19,21---27 Other studies show no differences between the two groups. 28---30 Nevertheless, some studies have reported a statistically significant lower surgery duration in laparoscopic gastrectomies. 16, 31, 32 A shorter operating time has also been observed thanks not only to technologic improvement and the development of better instruments, but also when the procedure is performed by an experienced surgeon, in which duration can be the same as in open surgery. 20 We found that the time in which oral diet could be resumed was significantly shorter in the patients that underwent laparoscopic gastrectomy, as a result of less injury to adjacent organs and better postoperative recovery, which are characteristic of laparoscopy. The same was reported in the majority of studies with statistically significant results in favor of laparoscopic gastrectomy. 21 In the present study, comorbidities were greater in the open gastrectomy group, with statistical significance in the respiratory and cardiovascular comorbidities. That was not surprising, given that it is much more frequent, as mentioned above, for the more stable patients to be placed in a laparoscopy group and those with a problem to be placed in an open gastrectomy group. Most studies only describe the presence or absence of comorbidities 15, 22, 23 or the number of comorbidities, 20, 23 but not their specific types, and with no differences between groups in any of the results.
There was a greater number of postoperative complications in the open surgeries in our study. In their study, Lu et al. 24 found a statistically significant higher number of postoperative complications in the open surgery group, within the first 30 postoperative days. Hao et al. 14 reported that postoperative morbidity was statistically lower in the laparoscopic group, but there was no significant difference in complications between the two groups. Likewise, Lin et al. 30 reported that the postoperative complications were significantly fewer in the laparoscopic group. The mortality rate was also lower, but with no statistical significance. In the study by Strong et al., they found greater early and late complications in the open gastrectomy group, reaching statistical significance. In contrast, other authors reported no gastrectomy group predilection and no differences in their results. 26 Pneumonia presented in 16.6% of our cases, with a statistically significant predominance in the open surgery group in the bivariate analysis. The complications that followed in frequency were pancreatic fistula and anastomosis fistula, with no differences between groups in the bivariate analysis. Similarly, pneumonia was the main complication in the study by Lu et al. 24 The most frequent complication reported by Kim et al. 13 was intra-abdominal abscess. Intra-abdominal abscess and anastomosis leakage were the most frequent complications in the studies by Shida et al. 19 and Inokuchi et al. 25 In addition, Hao et al. reported that duodenal stump leakage, bowel obstruction, and incisional wound infection were observed with greater frequency. 14 In relation to histologic type, adenocarcinoma was the most frequent in our patients, correlating with that described in the epidemiology of gastric cancer, and was followed by non-epithelial tumors. Strong et al. 26 reported that laparoscopic surgery was the procedure of choice in stromal gastric tumors, given that node dissection is not as important as in adenocarcinomas. Chen et al. 33 reported that, regarding stromal tumors, there were more complications in the open surgery group, reaching statistical significance.
Upon evaluating survival in relation to each of the study variables we found that age in years, type of lymph node dissection performed, hemoglobin and albumin levels, clinical anatomopathologic stage, comorbidities, and postoperative complications were the variables that affected survival in patients with gastric cancer. Different studies have also evaluated survival in relation to other variables in addition to type of surgery. Kashihara et al. 32 showed that the presence of tumor differentiation, tumor invasion, metastasis to lymph nodes, staging, and venous and lymphatic invasion were statistically significant risk factors, and that in the multivariate analysis, tumor invasion and lymph node metastasis were survival risk factors. In their multivariate analysis, Chen et al. 7 found that pathologic stage T4a, N+, and lack of adjuvant chemotherapy were prognostic factors for poor survival.
Finally, the overall survival in our two study groups was 59.9%, and in the Kaplan-Meier curve comparison of the two types of surgery, initial survival was better in the laparoscopic gastrectomy group, reaching statistical significance. However, in the multivariate analysis (Cox regression) that significance was lost. Our results coincide with the recent studies we reviewed throughout the bibliographic material, showing that the main advantage of laparoscopic gastrectomy is not its better survival profile, but rather its possible benefits in relation to faster recovery, shorter oral diet resumption time, and fewer postoperative complications, resulting in better postoperative recovery.
The main limitation of the present study was the difficulty in group homogeneity, making future studies comparing more homogeneous groups (for example, in disease severity) necessary.
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